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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the 1st phase shift mask in which the light transmission section and the phase shift 
section were formed — this — the 1st phase shift mask the 2nd phase shift mask which was 
made to reverse the location of the light transmission section and the phase shift section, and 
was formed — using — this — the phase shift exposure approach characterized by carrying out 
multiplex exposure by at least two exposure with exposure with the 1st phase shift mask, and 
exposure with the 2nd phase shift mask. 

[Claim 2] The phase shift exposure approach according to claim 1 that a phase shift mask is 
characterized by forming the light transmission section and the phase shift section by turns. 
[Claim 3] The phase shift exposure approach according to claim 1 or 2 that the phase shift 
section is characterized by forming EB resist as a phase shift ingredient. 

[Claim 4] the 1st phase shift mask in which the light transmission section and the phase shift 
section were formed — this — the production approach of the phase shift mask characterized 
by the 1st phase shift mask producing at least two phase shift masks with the 2nd phase shift 
mask which was made to reverse the location of the light transmission section and the phase 
shift section, and was formed from the same reticle. 

[Claim 5] The production approach of a phase shift mask according to claim 4 that the phase 
shift section is characterized by forming EB resist as a phase shift ingredient. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the production approach of the phase shift mask 
which can be used for the phase shift exposure approach and this exposure approach. The phase 
shift exposure approach of this invention can be used as the exposure approach in the case of 
being able to use as various kinds of techniques for pattern formation, for example, forming 
various patterns, such as a resist pattern, in a semiconductor device manufacture process. 
[0002] 

[Description of the Prior Art] The processing dimension tends to make what forms a pattern 
using a photo mask, for example, a semiconductor device etc., make it detailed every year. In 
order to raise the resolution further for such a background in the technique of the 
FORISOGURA fee which obtains the semiconductor device made detailed, the phase shift 
technique attracts attention. A phase shift technique gives phase contrast to the light which 
penetrates a mask, and, thereby, improves a profile on the strength [ optical ]. 
[0003] About the conventional phase shift technique, JP,58-1 73744A MARC D.LEVENSON 
others — "Improving Resolutionin Photolithography with a Phase-Shifting Mask"lEEE 
TRANSACTIONS ON ELECTRON DEVICES.Vol.ED-29 No.12 and DECEMBER 1982 and P1828- 
1836 — moreover MARC D.LEVENSON others — "The Phase-Shifting MaskII:Imaging 
Simuiationsand Submicrometer Resist Exposures" same magazine Vol.ED-31, No.6, JUNE1984, 
and P753-763 have a publication. 

[0004] Moreover, it has the predetermined pattern formed in the area pellucida and the opaque 
section, a phase member is prepared at least in one side of the area pellucida of the both sides 
which sandwich the opaque section, and the phase shift mask considered as the configuration 
which produces phase contrast in the area pellucida of these both sides is indicated by JP.62- 
5081 1,B. 

[0005] It is as follows, when what is called the Levenson mold among the phase shift techniques 
known conventionally is taken for an example and this is explained using drawing 22. for example, 
when performing pattern formation of Rhine - and - tooth space, the usual conventional mask is 
shown in drawing 22 (a) — as — the transparence substrates 1 top, such as a quartz substrate, 
— Cr (chromium) — in addition to this, the protection-from-light section 10 is formed using the 
ingredient of protection-from-light nature, such as a metal and a metallic oxide, this forms the 
repeat pattern of Rhine - and - tooth space, and it is considering as the mask for exposure. As 
Sign aluminum shows to drawing 22 (a), the luminous-intensity distribution which penetrated this 
mask for exposure is zero in the place of the protection-from-light section 10 ideally, and is 
penetrated in other parts (transparency sections 12a and 12b). Considering one transparency 
section 12a, by the diffraction of light etc., the transmitted light given to exposed material 
becomes the optical intensity distribution which have the Oyama-like maximum in the skirt of 
both sides, as shown to drawing 22 (a) in A2. The alternate long and short dash line showed 
transmitted light A2* in the direction of transparency section 12b. When the light from each 
transparency sections 12a and 12b is doubled, as shown in A3, optical intensity distribution lose 
sharpness, dotage of the image by the diffraction of light produces them, and it becomes 
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impossible to attain sharp exposure after all. On the other hand, as alternately shown at drawing 
22 (b) on the transparency sections 12a and 12b of the light of the above-mentioned repeat 
pattern, it is phase shift section 1 la (called a shifter.). Si02 ingredients, such as a resist, use : — 
having — if it prepares, dotage of the image by the diffraction of light will be negated by the 
phase reversal, a sharp image will be imprinted, and resolution and focal tolerance will be 
improved. That is, if phase shift section 11a is formed in one transparency section 12a and it 
gives the phase shift which is 180 degrees as shown in drawing 22 (b), the light which passed 
along this phase shift section 1 1a will be reversed as a sign B1 shows. Since the light from 
****** transparency section 12b does not pass along phase shift section 11 a in it, this reversal 
is not produced. The light reversed mutually negates mutually the light given to exposed material 
in the location shown in drawing by BH2 at the skirt of the optical intensity distribution, and 
distribution of the. light given to exposed material after all becomes a sharp ideal configuration, 
as shown to drawing 22 (b) in B3. 

[0006] In the above-mentioned case, if the most certain in this effectiveness, it is most 
advantageous to make it reverse 1 80 degrees of phases to close, but for that it is, 
A 

D= 

2 (n-1) 

(n is the refractive index of the formation ingredient of the phase shift section, and lambda is 
exposure wavelength) Phase shift section 11a which carried out film formation by Thickness D is 
prepared. 

[0007] The phase shift mask to which the phase of light is shifted in the adjacent light 
transmission section which was mentioned above (180 degrees is ideally reversed) is called the 
spatial-frequency modulation mold (or Levenson mold). In addition, although there are various 
kinds of things which are called an edge enhancement mold, the protection-fronrHight 
effectiveness emphasis mold, etc. in a phase shift mask and the thing (called the chromium loess 
type etc.) of formation which does not have the protection-fronrHight section is also in this, the 
phase shift section to which a phase is shifted is prepared in a part of part [ at least ] by which 
all penetrate exposure light. 
[0008] 

[Problem(s) to be Solved by the Invention] Although **** can also be formed in the technique of 
doping matter from which the phase shift section is formed by forming the ingredient to which a 
phase is shifted etc., or a refractive index is changed to a light transmission ingredient, generally 
light transmittance does not necessarily become larger than the transparency section anyway. 
Although it is good ideally for both the phase shift section and light transmission sections to also 
have 100% of light transmittance, it is usually difficult. This problem is remarkable when using EB 
resist as a phase shift ingredient especially. SOG is used for drawing 5 (a) and it is Si02. A 
shifter is formed, Rhine and a tooth space are formed using this, and the case where the 
condition near an ideal is acquired is shown. On the other hand, the case where an ingredient 
with low permeability is used for a phase shift ingredient at drawing 5 (b) is shown. 
[0009] It is advantageous on a mask production process to use EB resist as a phase shift 
ingredient 

[0010] the phase shift mask forming method learned conventionally hereafter — Si02 etc. — the 
case where EB resist is made into the phase shift section with the so-called hard shifter made 
into the phase shift section is explained. 

[001 1] If it is in formation of a hard shifter, protection-fronrHight ingredient 10', such as Cr, is 
formed on the transparence substrates 1, such as glass (for example, quartz glass). EB resist 
(positive type) 2a is formed ( drawing 6 ), this EB resist is exposed by EB drawing, and it is 
referred to as fusible part 21a ( drawing 7 ), and a resist is developed, protection-fronrHight 
ingredient 10' (Cr etc.) is etched ( drawing 8 ), resist exfoliation is carried out, and the 
protection-fronrHight section 10 is formed on a substrate 1 ( drawing 9 ). 

[0012] Subsequently, the shifter material 3 (phase shift ingredient), such as SOG, is formed on it, 
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EB resist 2b (negative mold) is formed further (drawing 10), it exposes by EB drawing again, 
insoluble section 21b is formed (drawing 11), resist development is carried out (drawing 12), the 
shifter material 3 is etched (drawing 13) f resist exfoliation is carried out, and the pattern-like 
phase shift section 30 is formed (drawing 14). The phase shift mask which has the light 
transmission section 12, the protection-fronrHight section 10, and the phase shift section 11 by 
this as shown in drawing 14 is obtained. 

[0013] On the other hand, when making EB resist into a shifter, protection-fronrHight ingredient 
10' is first formed on a substrate 1 similarly. Form EB resist 2a of a negative mold (drawing 15), 
and expose by EB drawing and fusible part 21a is formed (drawing 16). The structure where 
carried out resist development, etched protectioh-from-light ingredient 10' (drawing 17), carried 
out resist exfoliation, and the protection-frorrHight section 10 was formed on the substrate 1 is 
acquired. Next, the negative-mold EB resist 2 is formed (drawing 19), it exposes by EB drawing, 
insoluble section 2a is formed and (drawing 20) developed, and the phase shift section 20 by the 
resist pattern is formed (drawing 21). This obtains the phase shift mask which has the light 
transmission section 12, the protection-frorrHight section 10, and the phase shift section 11. 
[0014] As mentioned above, if mineral matter, such as SOG currently examined as shifter 
material, is used, a mask manufacture process, such as a spin coat of shifter material and 
etching (naturally an anisotropy is desirable), is complicated, but if shifter material is made into 
EB resist as compared with this, it is possible to manufacture a phase shift mask comparatively 
easily. 

[0015] However, since EB resist has the low transmission of light, if the photoresist of a positive 
type is exposed using this width of face L1 of the tooth space by which patterning was carried 
out with the light from the transparency section which does not pass along a shifter as ideally 
shown in drawing 5 (a) Width of face L3 of the tooth space by which patterning was carried out 
with the light which passes along the phase shift section which penetrated the shifter Although it 
should be the same Like drawing 5 (b), width-of-face L3 ' of the tooth space by which patterning 
was carried out with the light of shifter transparency will become narrow, and width-of-face L2 1 
of Rhine between tooth spaces will also shift from a design. Thus, the width of face of opening 
opens alternately and is a problem very much at application to a real device. 
[0016] If it is a phase shift ingredient with each same about a phase shift ingredient with low 
light transmittance, and light transmittance smaller than the light transmission section (for 
example, quartz part) although the above was explained taking the case of EB resist, such a 
problem will be produced in a certain form. 
[0017] 

[Objects of the Invention] This invention solves the trouble of the above-mentioned 
conventional technique, also in the technique which forms the phase shift section with a phase 
shift ingredient with low light transmittance (shifter material), tends to offer the phase shift 
exposure approach it was made for the problem by light transmittance, such as fluctuation of 
pattern width of face, being low not to produce, and tends to offer ** and the production 
approach of the phase shift mask used for this. 
[0018] 

[Means for Solving the Problem] the 1st phase shift mask with which invention of claim 1 of this 
application formed the light transmission section and the phase shift section — this — the 1st 
phase shift mask the 2nd phase shift mask which was made to reverse the location of the light 
transmission section and the phase shift section, and was formed — using — this — with 
exposure with the 1st phase shift mask By at least two exposure with exposure with the 2nd 
phase shift mask; it is the phase shift exposure approach characterized by carrying out multiplex 
exposure, and this attains the above-mentioned purpose. 

[0019] Invention of claim 2 of this application is the phase shift exposure approach according to 
claim 1 that a phase shift mask is characterized by forming the light transmission section and 
the phase shift section by turns, and, thereby, attains the above-mentioned purpose. 
[0020] Invention of claim 3 of this application is the phase shift exposure approach according to. 
claim 1 or 2 that the phase shift section is characterized by forming EB resist as a phase shift 
ingredient, and, thereby, attains the above-mentioned purpose. 



http://www4.ipdLncipi.gojp/cgi-bin/tran_web^cgi_ejje 



2006/09/05 



JP,06-083032 f A [DETAILED DESCRIPTION] 



4/5 v 



[0021] the 1st phase shift mask with which invention of claim 4 of this application formed the 
light transmission section and the phase shift section — this — the 1st phase shift mask It is 
the production approach of the phase shift mask characterized by producing at least two phase 
shift masks with the ,2nd phase shift mask which was made to reverse the location of the light 
transmission section and the phase shift section, and was formed from the same reticle, and this 
attains the above-mentioned purpose. 

[0022] Invention of claim 5 of this application is the production approach of a phase shift mask 
according to claim 4 that the phase shift section is characterized by forming EB resist as a 
phase shift ingredient, and, thereby, attains the above-mentioned purpose. 
[0023] 

[Function] As mentioned above, as for the light if permeability is generally low and surely EB 
resist makes this into shifter material, after, as for the low shifter material of such permeability 
of a certain thing, the effectiveness that a phase shift mask formation process is easy, and 
raises contrast will also pass a shifter, reinforcement falls. For this reason, when a shifter with 
the low transmission like such a resist shifter is used for Rhine and a tooth-space pattern, for 
example, for example, the Levenson mold phase shift method was applied and a positive type is 
used for a photoresist, as shown in drawing 5 (b), opening of the wafer corresponding to the 
shifter section becomes thin. Conversely, if a negative mold is used, by the reason line breadth 
becomes thin, a problem will be aggravated further. 

[0024] On the other hand, according to this invention, the above-mentioned problem is solvable 
by creating one more mask which made arrangement of a shifter reverse, and exposing twice the 
wafer which is exposed material. 

[0025] Usually, when creating a phase shift mask like drawing 1 (a), for example, negative resist 
is used for EB resist of the shifter section, and EB drawing of the part to leave as a shifter is 
carried out. If negatives are developed, the part which was not drawn melts and will not remain. 
The mask with which the location of a shifter reversed the completely same thing completely 
with the first mask when EB resist of a positive type was used this time is done ( drawing 1 (b)). 
In this way, using the 2nd made mask, if the wafer which is exposed material is exposed twice, 
finally a wafer etc. will be exposed by equal optical reinforcement. 
[0026] 

[Example] The example of this invention is explained with reference to a drawing below. In 
addition, this invention is not limited by the example although it is natural. 

[0027] In example 1 this example, according to the process shown by drawing 15 - drawing 21 , 
the phase shift section 20 was formed by EB resist, and two phase shift masks shown in drawin g 
i (a) and (b) were formed. Here, SEL-N552 which is the SOMAR styrene system resist was 
used. In addition, OEBR-100 (Tokyo adaptation) which contains CMS-EX(S) containing 
chloromethylation styrene, (TOSOH), and poly glycidyl methacrylate as a negative-mold EB 
resist which can be used suitably, SAL-601-ER7 (SHIPUREI), etc. can be mentioned. Moreover, 
the SHIMYU rate of the case where 0.40-micrometer Rhine and a tooth-space pattern are 
exposed by i line was carried out here. The simulation result is shown in drawing 2 - drawing 4 . 
The monograph affair in which it used for simulation count is shown below. 

lambda=365nmNA=0.50sigma=0.5 Focus=Best Focus shifter permeability = 50% [0028] Drawing 2 
expresses the optical reinforcement IA at the time of using the mask shown in the optical 
reinforcement IB and drawing 1 (a) of exposure by the usual approach (a phase shift method is 
not used). Although the optical reinforcement of both sides without a shifter is increasing to be 
sure according to the phase shift effectiveness, the optical reinforcement of a center with a 
shifter has become weaker conversely. Drawing 3 expresses similarly the optical reinforcement 
from the mask (the mask of drawing 1 (a), and mask which the shifter section has reversed) of 
drawing 1 (b). Although the location was changed, the inclination is completely the same as 
drawing 2 . Drawing 4 is considering the comparison with the case where exposure and the 
shifter of 100% of permeability are usually used as what added two optical reinforcement. It turns 
out that the light from the mask of drawing 1 (a), and this and the light from drawing 1 (b) which 
the shifter section has reversed carry out the complementation mutually, and are the light of the 
three almost same reinforcement. If suitable light exposure is chosen according to the 
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permeability of a shifter, it will be understood that effectiveness equivalent to the phase shift 
mask of high permeability is acquired. In addition, the part in which the thin point was given to 
and the phase shift ingredient was formed is shown among drawing 1 , and the part in which 
hatching was performed and protection-frqnrHight ingredients, such as Cr, were formed is 
shown. 

[0029] Since the 2nd mask should just use the same EB data, the production process is the 
same as the 1st sheet. That is, in this example, the mask of drawing 1 (b) which reversed only 
the shifter section was created with the same EB data using the same reticle (mask original 
recording) as having produced the mask of drawing 1 (a). 

[0030] Above, although SOG which is EB resist and the example of representation of a hard 
shifter has been explained to an example, if the light source short-wavelengthHzes with KrF 
laser and ArF laser, also although it is called SOG, it is known that permeability will fall. In the 
semantics of the cure against low light transmittance of not only EB resist but a shifter, this 
invention is effective also in the phase shift method of a hard shifter mold, and can be used. 
[0031] 

[Effect of the Invention] According to this invention, also in the technique which forms the phase 
shift section with a phase shift ingredient with low light transmittance (shifter material), the 
phase shift exposure approach it was made for the problem by light transmittance, such as 
fluctuation of pattern width of face, being low not to produce, and the production approach of 
the phase shift mask used for this can be offered. 
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